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U.S.S.N. 10/082,954 
Filed: February 26, 2002 

AMENDMENT AND RESPONSE TO OFFICE ACTION 



Remarks 

Claims 2-14 and 16-33 are pending. Claims 2-7, 9, 17, 22, 25, 28, 30, and 31 have been 
amended. Claims 1 and 15 have been canceled. Claim 30 has been amended to clarify the 
claimed device as one comprising biodegradable polyhyroxyalkanoate polymer, wherein the 
polymer has a molecular weight of between 10,000 and 10,000,000 Daltons and wherein the 
average molecular mass loss of the polymer decreases 20% to 50% over a ten week time period 
in vivo. Support for the amendment to claim 30 can be found, for example, at page 9, lines 6-8 
(molecular weight); and page 55, lines 1-2 (average decrease in molecular mass of between 20% 
to 50%). Claims 2-7, 9, 17, 22, 25, 28, and 3 1 were amended to properly depend from an 
existing independent claim. 

Priority 

With regard to the Examiner's statements relating to the specification's priority claim, the 
preliminary amendment, mailed on February 26, 2002, requested that the statement "[T]his 
application is a divisional of pending prior application U.S. Serial No. 09/535,146 fded March 
24, 2000, which claims priority to U.S. Serial No. 60/142,238, filed July 2, 1999, and U.S. Serial 
No. 60/126,180, filed March 25, 1999" be used as the first paragraph of the specification. 
Rejection Under 35 U.S.C. § 112, second paragraph 

Claims 12, 15 and 30 were rejected under 35 U.S.C. § 1 12, second paragraph, as being 
indefinite. Applicants respectfully traverse this rejection. 
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AMENDMENT AND RESPONSE TO OFFICE ACTION 

The units defined in the Markush group of claim 1 2 find proper antecedent basis in claim 
J 1 wherein "the units are incorporated into the polymer backbone with chemical linkages. ..." 
(emphasis added). Claim 15 has been canceled to remove any redundancy with claim 13. Claim 
30 is amended to be properly independent. 

Rejection Under 35 U.S.C. § 102 

Claims 1-7, 9-15 and 17-33 were rejected under 35 U.S.C. § 102(b or e) as being 
anticipated by U.S. Patent No. 5,236,43 1 to Gogolewski CGogolewskt"), U.S. Patent No. 
6,514,515 to Williams ("Williams 1"), or U.S. Patent No. 6,623,749 to Williams et hL 
C < Williams2"). Applicants respectfully traverse this rejection to the extent that it is applied to the 
claims as amended. 
Gogolewski 

Gogolewski mentions polyhydroxybutyrate, polyhydroxyvalerate and copolymers of 
hydroxybutyrate and hydroxyvalerate as preferred materials for fixation devices. However, as 
the enclosed references illustrate, these polymers do not degrade in less than one year in vivo 
See, for example, Hazari, A et aL, British ,/ of Plastic Surgery (1999), 52, 653-657; Hazari, A. 
eL aL y Journal of Hand Surgery (1999), 24B(3), 291-295; and Duvernoy, O. et aL, Thoracic 
Cardiovascular Surgeon (1 995), 43, 271-274. These references demonstrate that those skilled in 
the art know that PHB degrades very slowly in vivo, typically not for 24-30 months after 
implantation, and that no known polyhydroxyalkanoate polymer, absent modification, degrades 
in vivo in less than one year. Specifically, 
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AMENDMENT AND RESPONSE TO OFFICE ACTION 

1 ) Hazari, A. et al, British Journal of Plastic Surgery (1 999), 52, 653-657, states in 
the second paragraph on page 653 that "PHB undergoes hydrolytic degradation and is 
completely absorbed in 24-30 months." 

2) Hazari, A. et al., Journal of Hand Surgery (1999), 24B(3), 291-295, states in the 
third paragraph on page 291 that "PHB is non-antigenic, biocompatible, easy to handle, 
has good tensile strength and is completely resorbed within 24 to 30 months by 
hydrolytic degradation. 

3) Duvernoy, O. et aL, Thoracic Cardiovascular Surgeon (1995), 43, 271-274, states 
on page 273 that the "PHB patch was phagocytosed by macrophages and completely 
removed within a period of 24-30 months. 

Applicants modify their PHAs so they degrade in the desired time period. Gogolewski 
also does not suggest selecting a polymer having an average molecular mass loss of 20% to 50% 
over a ten week period. This relatively slow rate of molecular mass Joss, in vivo, allows for the 
maintenance of polymer material properties while undergoing biodegradation. 

Williams 1 

Williamsl does not teach one to make or select a modified polyhydroxyalkanoate with a 
degradation rate of less than one year to make a device. 

There is nothing in Williamsl to suggest selecting a polymer having an average 
molecular mass loss of 20% to 50% over a ten week period. This relatively slow rate of 
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AMENDMENT AND JRESPONSE TO OFFICE ACTION 

molecular mass loss, in vivo, allows for the maintenance of polymer material properties while 
undergoing biodegradation. 
Wil]iams2 

Williams2 is directed to the development of a method for the purificaton of PHA, 
specifically to remove endotoxin from the polyhydroxyalkanoate. It does not teach one to make 
or select a modified PHA with a degradation rate of less than one year. 

There is nothing in Williams2 to suggest making or selecting a modified PHA polymer 
having an average molecular mass loss of 20% to 50% over a ten week period. This relatively 
slow rate of molecular mass loss, in vivo, allows for the maintenance of polymer material 
properties while undergoing biodegradation. 

Rejection Under 35 U.S.C. § 103 

Claims 1-7, 9-15 and 17-33 were rejected under 35 U.S.C, § 103(a) as being unpatentable 
over U.S. Patent No. 5,236,431 to Gogolewski ("Gogolewski"), U.S. Patent No. 6,514,515 to 
Williams ("Williams 1"), or U.S. Patent No. 6,623 J49 to Williams et al C'Williams2"). 
Applicants respectfully traverse this rejection to the extent that it is applied to the claims as 
amended. 

Each of the three references cited by the Examiner under 35 U.S.C. § 103(a), have been 
discussed in the foregoing section, under "Rejection Under 35 U.S.C. § 102". None of 
Gogolewski, Williams 1 or Williams2 suggest making or selecting a modified PHA polymer 
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having an average molecular mass loss of 20% to 50% over a ten week period. Accordingly, 
none of the references, alone or in combination, make obvious the claimed subject matter. 

Double Patenting Rejection 

Claims 1 -33 were rejected under the judicially created doctrine of obviousness-type 
double patenting as being unpatentable over claims 27-39 of U.S. Patent No. 6,514,515 to 
Williams (assigned to Tepha, Inc.). Applicants respectfully traverse this rejection. 

The Applicants submit that this is an improper double patenting rejection. 37 C.F.R. § 
1.130 (b) states "[W]hen an application or a patent under reexamination claims an invention 
which is not patentably distinct from an invention claimed in a commonly owned patent with 
the same or a different inventi ve entity, a double patenting rejection will be made in the 
application or a patent under reexamination." (emphasis added). The present application is 
owned by Metabolix, Inc. U.S. Patent No. 6,514,515 is owned by Tepha, Inc. 
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AMENDMENT AND RESPONSE TO OFFTCE ACTION 



Allowance of claims 2-14 and 16-33 is respectfully solicited 



Date: January 20, 2004 

HOLLAND & KNIGHT LLP 
One Atlantic Center, Suite 2000 
1201 West Peachtree Street 
Atlanta, Georgia 30309-3400 
(404)817-8473 
(404) 817-8588 (Fax) 



I hereby certify that this Amendment and Response to Office Action, and any documents 
referred to as attached therein are being facsimile transmitted on this date, January 20, 2004, to 
the Commissioner for Patents, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, 
VA 22313-1450. 




PatreA L. Pabst 
Reg. No. 31,284 



)lly submitted. 



Certificate of Facsimile Transmission 




Date: January 20, 2004 
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A NEW RESORBABLE WRAP-AROUND IMPLANT AS AN 
ALTERNATIVE NERVE REPAIR TECHNIQUE 

A. HaZaJU, G, JOHANSSON*RUDEN, K, JUNEMO-BOSTROIYL C LJUN'CrHERG C TFftVNrr ht 

C GREEN and W1BERG ' irjttPh,jn1 ' 

From #W Mcfttdoc Centre, £asi Grimtead. UK* the Department of Anatomy Hand and Pfojrfc Sureerv 
Vmca University. Umea. and the Dzparwmu of Research and Development, Awn Tech, Gothcnb&rg, S^tdcn 

PoIy-J-hydroxybntyrate (PHB) T a bacterial storage product, is available ns Woateorlmble sheets 
and has been used in this study for primary nerve repair. The Aim was to assess axooaJ regeneration 
following such repair and determine tbe toflajmnatury response to PHB. 

In 20 adult cats, the transected superficial radial nerve was wrapped in PHB sheers while 
primary epineural repair was carried out in the contralateral limb. At 6 »nd 12 months, the repair 
sites were assessed iintntmohistochexnically for macrophage infiltration ami myelinated axons were 
counted in the distal nerve. 

Mean macrophage counts across the whole width of the nerve in both groups at 6 and 12 months 
showed no statistically significant difference. Nor was there any significant difference benveen the 
two groups at both rime-points in axon counts, axon diameter, myelin thickness and £-ratio. There 
was a statistically significant increase in fibre diameters at 12 months, Indicating that fibres were 
undergoing continuous maturation. 

Journal of Hand Surgery (British and European Volume. 1999) 24B: 3: 2VJ.-29S 



INTRODUCTION 

Current microsurgical techniques for peripheral nerve 
repair give functional results that are not always optimal 
(Tends, 1990). The need to improve these results has Jed 
to the quest for a sutureless method of nerve repair that 
would cause minimal interference with the internal envi- 
ronment of the injured rterve. The use of adhesives such 
as cyanoacryjate glue (Fcrlie and Goldner, 1965} and fib- 
rin (Moy et aU 1988) have not improved result* Welding 
tissue with carbon dioxide lasers causes thermal damage 
to the nerve, which exceeds any benefit gained by the 
absence of foreign material (Richmond, 1986). 

Nerve tubulization offers an alternative method of 
repair of severed nerves with maximal coaptation and 
minimal injury. Tubulization has several advantages, as it 
protecrs regenerating fibres by reducing invasion and 
scarring of the nerve, and discourages the formation of 
neuromas- 
Microorganisms are capable of producing a wide 
range of polymers generated from 3-hydroxypropionic 
acid, which is widely present in nature. One such 
homopolymer, r^ly^hydroxburyraie (PHB), is a nai* 
uraJ storage product of bacteria and algae and occurs as 
discrete granules within the cell cytoplasm, PHB gran- 
ules are produced from bacterial cultures by fermenta- 
tion followed by solvent extraction. PHB can also be 
produced from carbon substrates as diverse as glucose, 
eihanol, acetane; methane and gaseous mixtures of car- 
bon dioxide and oxygen (Anderson and Dawes, 1990), 
PHB (Astra Tech. Gothenberg, Sweden) is available in 
the forrn of sheets which have been used experimentally 
in cardiovascular surgery (Duvcrnoy et aL Malm 
ct al_, 1992; J 994). PHB is non-antigenic, biocompatible 
easy to handle, has good tensile strength and is com- 
pletely resorbed within 24. lo 30 months by bydrolytic 



degradation (GogokwsM et aL, 1993; Holmes, 1988; 
Malrn etal., 1992; 1994). 

The fibres in a sheet of PHB are orientated in one 
direction which, when a sheet is rolled tnro a tube, can be 
orientated along ihe longitudinal axis- Based on previous 
experience (Curtis and WiUd n scm 7 1997; Whitworth et 
al. k 1995) T we hypothesized thai longitudinally placed 
fibres would aid neuronal and glial cell growth by 
contact guidance and mechanical orientation. Hence, 
Schwann cells would align themselves along the longitu- 
dinal fibres, preferentially propagate in the longitudinal 
axis, and facilitate the regrowth of axons through the 
conduit. The aim of this study was to test this material 
for coapting the severed ends of a nerve, providing an 
end-to-end primary repair without the need for epineural 
sutures. The extent of ihe axonal regeneradon and the 
inflammatory response io PHB were assessed morpho- 
logically up to 12 months post-opcratjvely; and com- 
pared to standard epineural nerve repair 



MATERIALS ANI> METHODS 
Surgical procedure 

Twenty adult female ems, aged approximately ) year, 
weighing 16 to 3-7 kg were used in the study. The ani- 
mals were anaesthetized by subcutaneous medeiomidin 
(0.1 mgftg), iniubate'l and ventilated wiih isofluranc/O, 
inhalation. Surgery w; >s carried oul under aseptic condi- 
tions and continuous monitoring. Under an Operating 
microscope, the supurf radial nerve was exposed 
bilaterally on the m^f-foreleg and transected, On one 
side, the transected naive was enclosed in a conduit con- 
sisting of a PHB shi*i wrapped around the nerve ends, 
leaving a gap of ab^rjr 7 to 3 mm between ihcm. The 
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Fi? I Intraopwati ve photograph of PHB wrap-around ip situ. 



PHB conduits were formed from sheets with longitudinal 
fibre orientation. The conduits were soaked in tissue flu- 
ids in the wound for at least 5 minutes to improve their 
flexibility. 

The formed tube was secured by one 9/0 suture at 
each end and sealed lengthways with TisseeJ glue 
(Imrnuno AG, Vienna* Austria) (Fig I), On the con- 
tralateral side, the nerve was sutured with 970 epineuriaJ 
sutures. The wound was closed with resorbable 5/0 
sutures. Postoperative reversal of medeiomidin was 
achieved by the administration of atipamezol and the 
cats received buprenorphine as an analgesic for 3 to 5 
days. At either 6 or 12 months, groups of ten animals 
were premedicated with mcdetomidm, deeply anaes- 
thetized with intravenous thiopental (1.25 mg/kg) and 
intubated. Under the operating microscope, 10 mm of 
the superficial radial nerve at the site of the earlier tran- 
section was harvested and fixed overnight in 4% 
paraformaldehyde for macrophage count. Ten milime- 
tres- of the regenerated nerve, 5 mm distal to either the 
PHB conduit or the epineural repair, was fixed in 2.5% 
ghitaraldehyde overnight for myelinated fibre analysis. 
The specimens were washed twice and then stored in 
phosphate buffer (0.1 M, P H 7.4) after fixation. 
Following the same protocol outlined above, the six 
superficial radial nerves" from non-operated cats wcrg 
used as normal control. 

All experimental procedures were performed accord- 
ine to the European Communities Council Directive 
(8o/<509/EEQ and were approved by the Regional 
Committee Tor Ethics in Animal Experiments in 
Gothcnberg, Sweden. 

Myelinated fibre analysis 

Nerve regeneration was assessed in the nerve distal to the 
repair site by computerized quantification of myelinated 
axons. The distal nerve segment was post-fixed with 1% 
osmium tetraoxide (Agar Scientific, Stansted, UK) in 0 I 
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M phosphaLC buffer for 1 hour at room temperature, 
washed with phosphate bufTer and dehydrated serially 
through increasing concentrations " of accionc. 
Infiltration of the specimen was initially carried out 
overnight with 1;1 acetone; araldjte CY2I2 resin fAear 
Scientific, Stansted. UK), followed by two changes^ 
fresh resin and final embedding in aralditc CY2J2 resin. 
The blocks were polymerized at 60°C for IS hours. 
Semithin (1 urn) transverse sections were cut on a 
Reicheri-Jiittg Ultracut E uliramicroiome, floated onto 
distilled water, collected on slides and stained with thion- 
ine blue and acridine orange to enhance the myelin con- 
trast. Tissue analysis and all subsequent morphomeuic 
assessment were performed on coded sections without 
knowledge of the source From each nerve sample, four 
non*adjacent fields (40 x objective! were captured from 
randomly chosen sections using a video camera con- 
nected to the light microscope. The captured image was 
automatically edited by background subtraction; image 
enhancement and thresholding. Monochromatic thresh- 
olding coloured the myelin red, contrasting it with the 
background blue and this ^thresholding' value was main- 
tained within a narrow range for all measured section* 
The measured parameters for regenerating myelinated 
axons were fibre diameter, myelin thickness, jr-ratio and 
shape factor. The shape factor of a circle is one and mea- 
surements approximating this value indicate the regular 
shape of the axons. The percentage distribution of fibres 
according to their diameter was also charted for each 
group* 

Macrophage counts 

The repair sites from both groups were fixed overnight in 
4% paraformaldehyde. After three daily changes in phos- 
phate buffered saline (PBS) containing 15% sucrose, the 
specimens were blocked using OCT (Tissue-tek, Sakura, 
Japan). Serial longitudinal sections (15 Mm) of each 
repair site were collected on slides coaled with 
Vectabond (Vector Laboratories, Peterborough, UK) 
and allowed to dry for 4 hours at room temperature. For 
each sample, one sKdc was stained with baernaioxylin 
and eosin and the remainder were irnmunostained by the 
indirect avidin-bioiin complex peroxidase nickel 
enhancement procedure (Shu et ah, ] 988) using a mono- 
clonal antibody to ED-.1 {Serotec, Kidlington, UK, 
1:600 dilution) as a marker specific for macrophages! 
Before a manual macrophage count, the midpoint of the 
repair site was identified macroscopically by bisecting 
the length of the section. Microscopical ly, in H & E and 
ED-1 stained sections, the exact location of the junction 
in both primary and PHB repairs was clearly identifiable 
by the presence of randomly orientated regenerating 
fibres and occasionally by the presence of suture holes 
co-relating wdi to the midpoint of the repair identified 
macroscopTcally On two randomly chosen sections from 
each sample, macrophages were counted in two adjacent 
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Mean a^on couni 

Mean fibre diumoicr (Mm) 

Mean myelin thickness (pm) 

Mean tf-raiio 

Mean shape facior 


97U (46.61) 
5.34 (0.020) 
1.55 (0.004) 
0.41 (0,002) 
0.B5 (O.0009) 


1029.5(66.51) 
5,30 fv\Q)8> 
1.51 (0.003) 
0.42 (0.002) 

0.B3 (O.00OS) 



fields on either side of the midpoint across ibe whole 
width of the nerve C20 x magnification). 

RESULTS 

Myelinated fibre analysis 

On qualitative assessment, all specimens demonstrated a 
mixture of regenerating axons of varying diameters. 
Degenerating axons, present in minimal numbers, were 
not counted. Tables I and 2 summarize the values at 6 
months, 12 months and in normal non-operated nerves 
respectively. Statistical analysis, using the /-test, showed 
no significant difference for any measured value between 
the PHB .and primary epineural repair groups within 
each time-point. One way ANOVA comparing PHB 
wrap-around, epineural repair and normal nerves at 12 
months demonstrated a significant difference for all 
parameters between the PHB group and normal nerves, 
and similarly between epineural repair and normal 
groups (J*<0.05). Comparison within the same experi- 
mental group through lime (i.e. PHB or primary 
epineural repair at 6 and 12 months) showed a signifi- 
cantly greater fibn* diameter in both the primary repair 
group (Mann-Whitney rank sum test, i^D.003) and the 
PHB group (Mann-Whitaey rank sum test. /*-0.0,1 1) 
(Table 3). This increase in fibre diameter with time indi- 
cates a continuing maturation of the axon. This is more 
clearly shown in Figures 2 and 3, where the percentage 
distribution of myelinated axons has been plotted 
according to their sizes at both time points and in 
normal non-operated perves. At 6 months, the percent- 
age pattern in PHB is similar to that of primary repair, 
both groups showing a unimodal distribution and a 
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preponderance of smaller fibres with a major peak at 3 
to 4 urn fibre diameter. At 12 months, the percentage 
pattern is again similar between the two groups. 
However, despite a persistent but smaller peak at 3 lo 4 
urn, the fibre distribution is much wider, with a definite 
increase in larger diameter fibres (B-)2 jim diameter). 
The normal uninjured nerves exhibited a bimodal distri- 
bution over a range of 2 to 1 5 um with peaks at 5 and 1 1 
urn- Both operated groups also showed a decrease in 
mean axon.couni at 12 months compared with 6 months, 
which may indicate a die-back of axonal sprouting with 
continuing maturation > 

Macrophage counts at the repair site 

On qualitative microscopic assessment, in the PHB 
group the polymer remnants appeared to be decreased at 
12 months compared wjth 6 months with disruption in 
fibre continuity and increased fragmentation of the 
polymer. 

Table 4 summarizes the values of macrophage counts 
in the cpineural repair and PHB groups are and 12 
months. Although there was some difference between the 
groups, this was not statistically significant, indicating 
that the foreign body reaction to PHB js comparable to 
that of cpineural repair. 

DISCUSSION 

The results of this study demonstrate that the axonal 
regeneration, assessed by myelinated axon counts, was 
similar in the two experimental groups and that PHB 
produced an inflammatory response, gauged hy the 
macrophage infiltration, similar to that found in primary 
epineural repair with no evidence of scar tissu e,_Thg con- 
clusion is that PHB wrap-around is a good alternative to 
epineural repair, 

Tubulization is a more "biological" approach to nerve 
repair whereby the neural tissue is allowed to heal by its , 
intrinsic capacity in a closed space with minimal surgical 
trauma. Encasing the ends of a transected nerve in a 
tube with a short gap between the nerve stumps allows 
accumulation of locally produced neurotrophic factors. 
In a series of 18 patients, comparing conventional micro- 
surgical repair with silicone tubulizaiion in median and 









Epineural repair 


Normal 


Mean count 

M«m fibre dia meter (\xm) 

Mcon myelin thlcknc*? (j^m> 

Mean j-raiio 

Mean shupc: factor 


6.27 (0,026) 

0_4&(0.00l) 
0,83 (0.0009) 


fi.IOCO.024) 
1.53 ro.003) 
0.49rO.0QO 
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Table S— Comparison of fibre diameter* *itMn each cajKrimcnuil 
group. All values fire gfven ruenn (S£M) in |im 







Epmcurtt repair 


Mean fibre diameter 

$ months 

r2 months 
Rvalue 


5.34 (0.020) 
6,27 (0.026) 

o.on 


5,30(0.018) 
6.10(0.024) 
0.00? 
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Fig 2 Size distribution or myelinated fibres at 6 months. Tbe percent- 
age pattern of PHB Is similar io that of epincurel repair, both 
groups showing a preponderance of smaller fibres, with a 
m*jor peak M 3 to 4 Jim. 



ulnar nerve injuries. Uwdborg et al. (1997) demon- 
strated no difference in the results between the two tech- 
niques. However, a second operation was necessary for 
removal of the silicone lube as it i* non-absorbabje and 
may cause Jocal discomfort. Silicone entubulation can 
also lead to chronic nerve compression" (Merle et ah, 
1989). As PHB is a bt ©absorbable conduit, it would offer 
an alternative solution for the treatment of nerve 
injuries. As expected, in this study the polymer under- 
went progressive degradation, qualitatively observed ai 6 
and 12 months as disruption in the continuity of the 
fibres, fragmentation and a decrease in the polymer. The 
foreign body reaction to PHB, as seen by the 
macrophage infiltration, was minimal and similar to the 
reaction io suture* used in fipineura] repair. 

Morphometrie analysis of the myelinated axons 
within the same experimental groups showed significant 
difljerences in the fibre diameters at 12 months in com- 
parison to 6 months, with a progressive increase in fibre 
diameters indicating continuing axonal maturation. The 
normal non-operated nerves exhibited fibres which were 
•Significantly larger at 1 2 months than in either of the two 
operated groups, implying that axonal maturation was 
still ongoing. However, in both PHB and epineural 
repair groups the axon counts at 6 months were greater 
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than at 12 months. It is known that during regeneration 
after division, there is sprouting of axon collaterals with 
subsequent pruning back, most likely as a result of suc- 
cessful connections wiih the target organs by surviving 
axons (Brushart, 1993; Lundborg et al., 1994). The 
myelinated axon counts in normal uninjured nerves were 
significantly Jess than either the PHB or epineuntl repair 
groups at 12 months, mdicating that further connections 
with target organs and axonal die-back continues to take 
place at 12 months. The size distribution pattern showed 
a consistent shift towards an increase in Jarger axons 
over time with a decrease of smaller, possibly branching, 
fibres. A similar pattern was seen in other studies in 
which a synthetic conduit was used to bridge a nerve gap 
(den Dunnen el ah, 1993; Dellon and Mackinnon, I9fi$). 

There is a need to improve the functional results 
obtained from conventional microsurgical repair. 
Tubuliraiion with a symheiic, bioabsorbablc and rela- 
tively inert conduit such as PHB offers an .alternative 
solution, Ic is easier and simpler to encase crushed, Iran- 
sected nerve stumps in a PHB tube, allowing the nerve to 
heal by its intrinsic capacity, rather than attempt to align 
the traumatized fascicles correctly by surgery with the 
risk of further damage. 
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Summary 

Biodegradable patches made of pofrhydroxybirtyrate (PHB) 
vVflrt faintly shown to fonrt postoperative pericardial adhe- 
sfons when inserted torn the perleardJhun in shoop. The pres- 
ent study was carried out to avaJuai* lb* presence of pest- 
operative retrosternal addons a/tor cardiac w^ory in pa- 
tients optraurd on >vtih the r>JB patch compared with those 
opemod wiLhoutthe Insertion of » uc h a patch. So 'patients 
admlned Tor CaBG and/or vafrubr replacement *wre ran- 
domised to trc&traant elthar wnh pericardial cteure with a 
patch or with iba pertcArdium left open, Jn 39 or th«se (1 9 with 
and 20 without a PHB patch) computerised tomography *m 
wimed out six and nwiry-fottt months postoparadvaly. Com* 
ptJiertstid tomography indicated a In wor incidence (p < 0 05) of 
postoperative adhesions between the patch and the cardiac 
surface In th* patch group, compared with the corresponding 
area in the non -patch flroup, A reduction of patch jrtw in 27 % 
(p - 0.003} was aho 

Key words 

Biodegradable pericardii] patch - PoJyhydrojryburyrate - Part- 
cariflaJ substitute - Computorised tomography 



Ein romrhtorbarer Patch ala PBrikaxdvereeMnfl oach 
herzefaintrtiscben Eragrlffen_- firgebnisse computertomo- 
graphfcehar Nft^uniftntatiuugen 

Durch nervetautfco an Schafan koiwte ktirzllcb mchgawiesen 
warden. daB rasorblerbare w Polyhydro^but/rat 

(PHB) in dor Lego rind, postopftrattva FerikardvarwachsunEen 
zu roduzlerfln. Wir unrawuehten in der voriietfenden Stndie. 
ob rBtrttfteroala Verwethsnngen Jbel PatJentan nach Bingrtflfen 
am Herzen durch den Einp&cz 4ieser PHB -Patch as varmJedim 
warden k&nnan, SOPariontan. die etna aorioleoronare Bypass- 
Operatfon oder elnen KJeppanersatz arhieiton. wunlen pro- 
fipektiv randomlfii$rt und in 2 Groppon eiageullL In d^r einen 
Cruppe wurde das ftfrikard ititt eincxn PHB-hucb vettchlo*- 
*en. ill der ftnderao Wurde das PbiDtard ofTen gsJfcJGflii. Do! 39 
dlaser Pntteruen 119 mft und 20 ohne PHB^Petch) eribjou 6* 
und M Monate posroparadv eft* Comput^rtotnoEraphische 
Kachwntorenchtm^ Diesc Cornutertomogramme 2e1g«m atae 
niedrigerc toidjenz (pc0.05) von postoperailven Verwaeh- 
iungen scwitchen dem Patch und der Her»b«UaCh© k als dies 
in den korrespondieranden Araaten der KontrolWyppe der 
Fall war. Eine Reduktion der Pair&greik konmo eb^nfalls bcJ 
27%d«r Patfonten foetgeateilt wordan [paO»0D3). 




InuroductioA 

PcdcardiaJ adhesions may severely complicate reoper* 
atfon by making reentry hawdous (6). Tho imp^ntatlon 
of hiobgJ«J or synthetic p&icho* as perWtlhU uuLs tttutes 
mUe< ' ****** (2.3.4,5,10,12,12, 

**' 15 ^- R»«anflyi. closure of the pericardium wfch ab* 
sorabb polyhydraxybyiyrti© (PUB) patcho$ in sheop ha* 
bean doscrihod (7). The poritaxdlum rogarjOTai»d cow 
pictcry, letaving no or discrats Adhesions and a welK 
defined epJcaxd^al surface was observed. 

Modorn imaging techniques auch as ooroptried tomo- 
graphy (CD offer a non-invasiva technique of investigating 
rotrosteroaZ adhesions In patients subjected to cardiac: 
surgery by determining the presence or absence of fat in 
ibe retrosternal area or the hean (1). The purpose of the 
present study was to evaluate and compare the presence 
of postoperative reimternal adhesions after cardiac mir- 
gory In pabente operated on either with a PHB paicn or 
operated on without the m«inJoo £Ut & a 



Thorac. cardn»vA9C. Surgeon 43 HOM) ?j\ . 2 74 
O Coonj Thltmo Vflrlaj Slurtjjart » Neiv Vbrk. 



Material and Methods 

Fifty patients admitted for CABG and/or vaJvular replace- 
meni to the Departmsnt of Thoracic and. Cardiovascular 
Surgery, University Hospital. Uppsala, were randoms 
either to pericardtal closwe by means of a patch or to 
treatment where the perlcardhxzn was left open. The pat' 
chfis were mantzfaciuted from biodegradable polyhydroV 
xybutyrste (PHBJ provided by Astm Tech AB, MOlndal 
Sweden* They were assembled from microelements, 
packed under high pressure and at elevated' temperature, 
thus forming, a webUku structure. In a sheep model, the 
material was degraded by foatrophages during a period of 
two lo three years and regenerated pericardium was 
found to have remained (71 

The study was approved by the Ethical Committee of 
the Unvershy Hospital at Uppsala. Sweden. 
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Operation 

The patients were randomised either to closure of the 
pericardium by means of a PHB patch or conventional 
treatment where the pericardium was left wide open. The 
PHB patch was applied wjth single stftches lo the edge of 
the native pericardium, leaving some space for pericardial 
blood to drain. One tube drain was placed in the pericar- 
dial cavity and one in the mediastinum. The patch was 
spread as smoothly as possible without any wrinkling over 
The heart itself. 

cr 

.Approximately 6 and 24 months after surgery a CT study 
of die heart was carried out. All CT examinations were 
carried out on a Somatom HK) (Siemens), using a 
512*512 matrix, ,2 s scan time and a soft-tissue algo- 
rithm. The heart was scannend without contrast enhance- 
ment in 4 mm contiguous slices from the level of the dia- 
phragm to the level of the bifurcation of the pulmonary ar- 
teries. No ECG gating was employed. 

The presence/absence of retrosternal fat in each 
scan, i.e. fat Interposed between the retrosternal surface 
and the pericardial sac or patch, was recorded (1). Jn & 
similar manner, the epf cardial fat between the cardiac sur- 
face and the' pericardial sac or patch in the area corre- 
sponding to the evaluated retrosternal area was examined 
(Fig. 1 ). A scan through the rald-pordon of the heart, iden- 
tifiable at both the 6 and 24 month follow-up Investigation, 
was used to calculate ptanimetrically the relative change 
in heart and patch size at this level. 

Statistics 

The recordings concerning the absence/presence of peri- 
cardial fat were summarised in the patch and non-patch 
group respectively at each scan level. A statistical compari- 
son utilising Fisher's exact test was applied lo the results of 
each scan level, comparing the absence/presence of epicar- 
dial fat in the patch patients with ihe corresponding counts 
In The non-patch patients. The pericardial tat was evaluated 
in an analogous manner. The changes In heart and patch 
size In the 6- and 24-month follow- up groups ware com- 
pared by two-tailed paired Student** i-iesr> 

Results 

39 of the 50 patients In the study completed both the 6- 
and 24-month follow-up studies (27 mete, 12 female, 
mean age 61-4 years; range 45 to 72 years, 19 operated 
upon with and 20 without a patch). Of the 1 1 p&tlents not 
participating In both follow-up studies, one had died, one 
had been hospitalised due to a malignancy, two patients 
suffered from non-cardiac disease, making travel arrange- 
ments impossible, two patients refused to participate in 
the follow-up study ana five patients could not be con- 
tacted. None of the follow-up patients underwent a reopen 
ation during the observation period. 

In these 39 patients, tho retrosternal area. I.+ P the 
space between the retrosternal surface and the pericardial 
sac or patch, displayed no statistically significant dif- 
ferences with regard to presence of fat between the patch 
and non-patch groups. On the other hand, the epicardJal 




Ffo.1 Schirnatie 
drawing of axial CT 
scan through lhe 

heart. Trte absence/ 
presence of pericar- 
dial fat in the reto- 
sternal area (short 
arrows) and epicar- 
dM fat tiftftg arrows] 
fn the corresponding 
area was reconted, 
Right ventricle (ft/), 
right atrium {RA), left 
ventricle ILVJ, left at- 
rium (bU descend 
tfvg aorta (AQJ. 



space in the corresponding araa, i.e. the space between 
the patch or epicardium and the cardiac surface, was 
characterised by rasidua) fat In the patch-operated group 
compared with the non-patch group (Figs. 1 a-b. 2K In the 
6mopib follow-up group this difference was statistically 
significant in 9 CT*can levels out of a total of 21 levefc 
fpcO^OSin 9andofthesep<0.01 in 7 and p < 0,00 1 In 3). 
In the 24-month foUow-up group the corresponding result 
was statistically significant in 11 levels of a total of 23 
(p<0.01 in 11 and of these p< 0.001 in 7). The change in 
heart volume was not statistically significant, white the 
mean patch volume decreased by 27% f range -84 to 
+14%). pp 0.003 (Fig. 2a, b). In some patients in the CT 
Investigations, the pericardial thickness along the lefX ven- 
tricle and next to the right atrium seemed to decrease 
when comparing the six- and twenty-four-month investi- 
gations. However, it was not possible to measure this de- 
crease as the changes were at the limits of the CT resolu- 
tion. 

Discussion 

Pericardial adhesions may severely complicate reope- 
ration by increasing the risk of damaging vital structures, 
prolonging operation time and causing increased mor- 
bidity and mortality. Several methods have been suggested 
in Emit postoperative pericardia) adhesions. Some sur- 
geons dose the native pericardium, which Is by no means 
always possible, as patients run a higher risk of post- 
operative tamponade (6). 

The implantation of biological or synthetic patches as 
pericardial substitutes has been tried, wjih mixed results. 
Bovine material does not prevent the formation of ndhe- ' 
sions sufficiently And ealdUTicatiorw of the patch have been 
reported (3. 9), Hpicardiol inflammatory reactions causing 
serious alterations in surface anatomy have been shown 
after the use of pericardial substitutes in experimental 
models (11). Synthetic and bfotogfca] materials do not 
grow when impUnted tn individuals jjettu growing, not to 
mention the risk of late infections postoperatively. 

Recently, the reconstruction or the pericardium with 
absorbable PHB patches in sheep has been described by~ 
Malm St al. f 7), The patch functioned as a scaffold for peri- 
cardial regeneration. Histologics) analysis and electron* 
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A Di vdegradobtrPotch o Pericardial SutotitMe Afirr Cardiac Surptry 



Thome, carttiotriue. Stir$ctm 43(1595) m 
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Fit. 2 a Axial CT scan through the mrd-portion of the heyf in a 
patient operated by pericardial closure *Hh a PHB patch 6 months 
earfer. Tne patch (open arrow) *tf the preset 0 f fat between the 
patch and eardwc surface (closed arrows) is ctearty seen. The fat 
>ndieate$ that the space between the parch and the cardiac surface is 
free of postoperative adhesions. 




fla> Z fa The CQrrerpoixta* sew in the 24 month tolJowup Irrvestf- 
gatjon. note mo decrease In patch sfce fopen arrow). 




He. 3 Axial CT scan through tte fr^portion of the heart in a patient 

spdee bewreen the retrosternal and card x Surface shows no rat This 
indicates postoperative adhesions in iMs ares torrid* ™ 



if** 5 ! h °^ or complete 

pn&gocywsed by macrophages and compkrelr 
*rnoved within B PBriod or24 _| fl ^ 

Hed surface layer was shown * have functional S • 
^Hin 0, T m 2 n ? Uh th °! lativn Fwlcarcilum, such i pros 
lemoribcratnd by Lmmunoh fetology (£•) 

The ultimate proof and evaluation of the absence/ 
presence or postoperative adhesions can. of court or^y 
* ******* by mytna of a «op*raiton. An accurate S 
mum method of demonstrate the pwiopenid 



of the retrosternal space after heart surgery has stIU not 
I been developed. A CT examination of the heart and peri- 
cardium can provide some indication since ibe presence of 
fat as demonstrated by CT has been shown to imply the 
absence of postoperative adhesions { 1 ). 

In our study, the presence of fat in the space between 
the patch and the cardiac surface was more common in 

patfh;Operated group in the six- and twenty-four* 
month foUow-up investigation* compared with the corre- 
sponding ana in the non-pateh-opcratod group. This may 
indicate a lower incidence of posloperatiVB adhesions be- 
tween the patch and the cardiac surface in the nAieh 
group. 

The patch size as revealed by the CT examinations de~ 
creased significantly, although a remnant of t he patch wnc 
^SJIIJPt^ The thickness of the naUvTp^c^r 

ujum also seemed to decrease between the six- and the 
twemy-rour-month foLow-up in a rew patch and non- 
patch patients. One explanation for this may be a residua* 
postoperative oedema still present at the six- but Dot at the 
twnnty-four-month foEow-up invention. Consequently, 
this has to be taken In to account when efitlm&tinVtho ab- 
sorption of the patch by size measurement alone. Despite 
uus r the patch does seem to decrease in sbe durin* the TaU 
low-up period, • * 

The results after a twenty-four month follow-up 
period I after hoan surgery encourage the use of a peritar ' 
dial PHB patch to reduce the incidence of adhesions be- 
tween the pericardial patch and the cardiac surface. 

The patch seems to decrease in she during a twenty^ 
Jfcur month follow-up period after heart surgery. 
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PLASTIC SURGERY 



A resorbable nerve conduit as an alternative to nerve autograft in nerve gap repair 

Hazari, M- Wiberg*, G. Johansson-Rndent, C Green and G, Tercnghi 
ptond Mclndoe Centre, East Grinstead. UK; * Department of Hand and Plastic Surgery. Umed University Sweden 
and f Astra Tech. Gothenherg, Sweden 



SUMMARY. Pory-3-hydroxybuiyrate (PHB) occurs within bacterial idioplasm as granules and is available as 
bioabsorbable sheets. Previously, the advantage of PHB in primary repair has been investigated while in this study 
the same material has been used to bridge an irreducible gap. The aim was to assess the Je^eJ of regeneration in 
PHB conduits compared to nerve autografts. 

The rat sciatic nerve was exposed, a 10 mm nerve segment was resected and bridged with either an autologous 
nerve gfaft or a PHB conduit. The grafted segments were harvested up to 30 days. Immunohistochemical staining 
was performed and computerised quantification of penetration distance and volume of axonal regeneration was 
estimated by protein gene produei (PGP) frnjcminostatoing and calcitonin gene-related peptide (CGRP) positive 
fibres. Penetration and proliferation density of Schwann cells into the conduit was measured by quantifying S-IQO 
staining. The inflammatory response was quantified with ED- J staining for macrophages- Antibodies to vWf 
provided an assessment of angiogenesis and capillary infiltration. 

Percentage immun obtaining for PGP in autograft and PHB groups showed a progressive increase up to 30 days 
v. 1th a significant linear trend with time and an increase in the volume of axonal regeneration. A similar pattern 
ol' progressive increase with time was observed with CGRP imrnunostaining for both groups and with in 
the PHB group. Good angiogenesis was present at the nerve ends and through the walls of the conduit- The 
results demonstrate good nerve regeneration in PHB conduits in comparison wilh nerve grafts. © 1999 The 
British Association of Plastic Surgeons ■ .. 

Keywords; resorbable nerve conduit, nerve autograft, rat sciatic nerve. 



The use of nerve grafts to bridge irreducible nerve gaps 
results in sub-optimal functional results and donor site 
morbidity This has led ip a revived of interest in the 
search for a usable nerve conduit, which needs to have 
several properties. It should be inert, flexible, biore- 
sorbable and inhibitory to pathological processes such 
as scarring and oedema, but beneficial to processes of 
healing and regeneration.' Besides being bioabsorbable, 
il j conduit should remain in situ without degradation 
beyond the period of lime it takes the regenerating 
axons to cross the gap and penetrate the distal stump 

Poly-3-lrydroxybutyratc CPHB) is a storage product 
of bacteria, occurring within the cell cytoplasm AS 
granules. It is available as bioabsorbable sheets, which 
arc non^ antigenic, easy lo handle and have good tensile 
sircngth, 3 -' PHB undergoes hydrolytic degradation and 
i> ompletely absorbed in 24-30 months. 4 - Recently, 
Ills.* advantages of a PHB wrap-around in primary 
repair have been demonstrated/ Jn this study, the same 
material has been used as a conduit to bridge.* 10 mm 
gap in the rat sciatic nerve. The aim was to assisss the 
level of regeneration in a PHB conduit in comparison 
with the current standard using a ocrvc autograft. 

Materials and methods 

C f -naive procedure 

Thirty-six S-week-old inbred male Lewis rats were 

Used in the study. The animul*: were anaesthetised 




Figure I — Intraoperative phi>t«»itivph M 1*M B conduit bridjfinp : 



ThN uvrfc u-a*: presented ii* iho Summer nicctim; ul the British 
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Flgnr* 2--UnkJif«eti*n*J fowe oricaiAitd *h«* or PHB (fi x 14 mm) 
rolled arouiwi a 1 6 G cannula to form a tube 14 mm long and with 
an internal diameter of J .6 mm 



with 0.3 ml/kg of intramuscular Hypnorm (Fentanyl 
citrate, 0.315 mgfai]; fluanisone, lOmg/ml; Janssca 
Cilag T High Wycombe, UK) and 2.5 rag/kg of 
intraperitoneal diazepam (Phoenix Pharmaceuticals, 
Gloucester UK), All procedures were carried out in 
compliance with UK Home Office regulations 

Under an operating microscope (Wild, Heerbrugg, 
Germany), the left sciatic nerve was exposed via a 
ghiica! musde splitting incision. In the PHB group, a 
5 mm nerve segment was resected to produce a 10 mm 
nerve gap after retraction of the nerve transected ends. 
The gap was bridged using a 14 mm PHB conduit, 
emubularing 2 mm of the nerve stump at each end 
(Fig. 1). Two 10/0 nylon sutures (Ethilon, Ethtcon, 
Edinburgh, UK) were used to anchor the conduit to 
the epineurium at each end. 

The conduits were formed from PHB sheets 
(5 x 10 cm PHB patch, Astra Tech, Gothenberg, 
Sweden), Rectangular pieces measuring $ x 14 mm 
were cm, ensuring that the orientation of the PHB 
polymer fibres was along the longitudinal axis as 
previous experiments have shown that longitudinal 
orientation of PHB fibres promotes neuronal and 
glial growth by contact guidance. The sheets were 
then rolled around a I6G intravenous cannula (16X5 
Abbocaih<S^T Abbott Ireland. Sligo, Republic of 
Ireland), thus standardising the internal diameter of 
the conduits at 1.6mm (Fyg % 2), leaving adequate 
space for post-injury swelling of the I mnvdiametcr 
rat sciatic nerve. The rolled sheet* were scaled longitu- 
dinally with cyanoacryiate glue fHistoacryl®. Braun 
Mcfsungen AG, Melsungen. Germany). The conduits, 
soil rolled around the lemplate, were pre-soaked in 
normal saline to saturate the polymer and ensure 
maximum expansion of the fibres without a reduction 
m the internal diameter of the conduit- 
In the autograft group, a ID mm nerve segment was 
resected, reversed and re-sutured in the gap with 10/0 
nylon sutures ( Fig, 3). Tension was avoided and atrau- 
matic handling and correct rotational alignrnenr were 
employed throughout a]) procedures. 

Six animals from each group were sacrificed at 7. 14 
and 30 days postoperatively. The repair sices (PHB con- 



FJpir* 3 — Intraoperative photograph of a revetted sciatic nerve 

duit or nerve autograft) with a 2 mm length of proxi-l 
mal and distal nerve were harvested en bloc, pinned I 
onto a card to avoid shrinkage and marked at the pro*- jf 
imal end. Fixation was carried out in Zambonfs solti- L 
(ion for 6 h at room temperature and then washed three % 
times with phosphate buffered saJine (PBS) containing 
15% sucrose and 0.1% sodium azide. 

Immurwhisiochemfsir}* 

The specimens were blocked in OCT compound 
(Tissue-tek. Sakura* Japan). The orientation of each 
specimen was maintained by placing a piece of rat 
liver next to the proximal end. Serial longitudinal sec- 
tions 05 pun) were collected on slides coated with 
Yectabond (Vector Laboratories. Peterborough, UK) 
and air-dried for 4 h at room temperature. 
Immunohistochemical staining was carried out using 
the indirect avidin-biotin complex peroxidase nickel -f 
enhancement method. 7 A panel of antibody markers \! 
was employed comprising of protein penc product 9.5 
(PGP 9.5. Affiniti. Mamhead. UK: dilution 1:5000) a 
pan-neuronal marker calcitonin gene-related peptide 
(CGRP, Affiniti. Mamhead, UK: dilution 1:8000) a 
marker of sensory nerve fibres: S-100 (Dako A/S, 
Glostrup, Denmark; dilution 1:8000) an antibody 
marker for Schwann cells: ED-I (Seroiec Ltd. 
Kidlington. UK: dilution 1:600) for macrophages: ami 
finally Von Wi!)ebr;tnd Factor (vWf. Dako A/S, 
Glostrup. Denmark: dilution 1:5000) for endothelial 
cells. 

Tissue analysis and all subsequent morphometry 
assessments were performed on coded lections accord- 
ing to a published protocol" without the knowledge 
of the source. A computerised image analysis system 
(Seesciin Analytical Services. Cambridge.' UK) wa< 
used throughout the .study. The volume" of regenera- 
tion was assessed by capturing images (magnification 
x 25) from iwo random sections, u\ u fixed distance of 
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Table 1 Maximum regeneration distance from the 
proximal anastomosis. Distances are given in nrillimetrus as 
the mean(SEM)> w e 6 



tow? 



Day \4 



PGP AO 
PHB 

CORP AC 
PHD 



7.62 (0.571' 
I 02 (OM) 
11.15 (fUI)» 
0.79 ttU7) 



MO' 

4.55 (0J7) 

3.56 fO.49) 



>10 
:>10 



/ *0,0a], AG v$ PHB at 7-14 days: AG » nerve autograft: 
PHB = conduli. 
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Table % Percentage of imrnunostaining per frame 2 mm 
from the proximal anastomosis across the whole width of 
ihe nerve. Ail value* are expressed as mean (SEM) 



Day 7 



Ouy N 



Our 30 



PGP AG 
PHB 

CCRP AC 
PHB 

S-100 PHB 



3.59(0.811 
2.72 (0.61) 
2.S6 ratn 



3.63 tQM) 
. 3.19(0.61) 
2.8* (A.6H 
11.16 (0.48) 



7*13(11, 89 1* 
4.13(0.911 
5(0.671 
3.27 10.61) 
12.06(1.27) 



m F <Q,0O\ ; /-lest vrith Bonfcrronj correction: PGP at 30 day± AG 
PHB. AG « ncn>e autograft: PHB = conduit. 
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Figure 4 — PGP immunostained regenerating axon a) front in a PHB 
conduit *t 7 day* (* 21) objective raagni|5cfti{oj>). 



2 mm from the proximal repair site across the whole 
v : .lth of the conduit/graft, using a video camera 
connected to a light microscope. The captured image 
was automatically edited by background subtraction, 
image enhancement and thresholding within a narrow 
range for all measured frames. 

The percentage of immunostaining for PGP, 
CGRP and S-100 betweea the autograft and PHB 
groups was then compared at the various time-points, 
iv< an indication of the number of regenerating fibres 
ii:id Schwann ceJls. Schwann cell proliferation density 
distance was measured only in the PHB group, as in 
Ihe autograft group, measurement of S-J00 was not 
possibtc due to the inherent Schwann ceil population. 
The penetration distance, indicative of the rate of 
regeneration of PGP and CGRP tmmunostained 
fibres* was measured from ihe proximal anastomosis 
(nvienification x 10) in the autograft!; and from the 
I inning of the PHB polymer in the conduits. A cor* 
ration factor of -2 mm" was subtracted from all 
values obiaincd in the PHB conduit group to compen- 
sate for the cniubulation of 2 mm of the proximal 
nerve stump into the conduit, 

The inflammatory reaction was measured in both 
croup* by manual counting of macrophages at the 
midpoint of the graft/conduit across the whole width 
n'" the nerve (magni 11 cation x 20) in two randomly 
^ sen sections stained with ED-f , VWf staining was 
uwd to make h qualitative assessment of the an«io- 
cencsis :\nd capillary infiltration. 



Results 

Rate of axonal regeneration 

The rate of regeneration was measured as penetration 
of graft/conduit by the furthermost immunostamcd 
fibres from the proximal anastomosis. Table I outlines 
the distance of regeneration for PGP and CGRP 
immunostained regenerating axons. At 7 days, a*ons 
in the nerve graft had crossed two-thirds of the nerve 
graft and in the PHB conduit had penetrated 1 .02 mm 
of the conduit (Fig. 4). By ) 4 days, regenerating axons 
had reached the distal stump in the nerve grafts, 
whereas these were almost up xo the halfway mark in 
.PHB conduits. At 30 days, regenerating fibres in all 
animajs in both groups had reached the distal anasto- 
mosis, ForPGPimmunostajned axons, there was a sig- 
nificant difference in the regenerative distance between 
the two groups along time at 7 and 14 days (two-way 
ANOVA, This pattern was reflected in 

CGRP imrnunostained fibres (Table 1). 

Amoimt of regeneration 

The values for percentage of immunostaining of PGP 
and CGRP ax 7, 14 and 30 days are given in Table 2. 
Comparison between the two groups at each of the 
time-points was not statistically significant except for 
PGP at 30 days. There was also a linear trend with 
time for both PGP CP=0.0)) and CGRP (^=0.04) 
(Fig. 5)> indicating that though axonal regeneration 
identified with the two markers is comparable bctvwren 
the graft types and shows a progressive increase with 
time, the level of rcgenemtion in PHB conduit is 
slower, the difference being significant by 30 days. 

Schwann ceil proliferation density measured in the 
PHB group showed an increase with time, as shown in 
Table £. Though there was a linear trend with time, the 
Schwann ce)I density appeared to reach u plateau 
between J 4 and 30 days (Fie. 6). At this time, the 
axons had reached the distal slump and the levelling 
effect may be a reflection of the decreased impetus for 
Schwann cells to proliferate. 

Afacmphagz injihmfiop 

The inflammatory reaction 10 PHI* was gauged by 
macrophage infiltration of the conduit. ED-1 
rmmunosuiined macrophage counts for both groups 
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demonstrates that the inflammatory respond PHB 
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or *c nerve at * 20 magnification. Ail values ap: given a V 
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Discussion 



The last 20 years have seen the development of ma™ 

available summarising the strengths and failing «r 
each of AmMki silicone has been the JS wfde?y 
used for «penm^tal tabulation and has also beei 
applied cboradfac'* Howevei; due to the lack of deSJ 

SSS™ imp,antSl h 1,45 been advoc ^ 

mat tne next step m nerve gap repair is the use of a ' 
bioabsorbable synthetic conduit" which would elicit" 
tfta most minimat of inflammatory reactions and 
would ^remain in situ long enough to support reRenera- 
tion Fl«dbili t y 0 f the condt* b alsonecS fo 
enable continued protection of the regenerating nerve 

^mtftf* ? ohais ? lion ° f * fc tojured parC 
. -™ ^ Jw» cnteria to a large extent. Beside 
being bioabsorbable, it elicits a low macrophage reac- 
tion comparable to that cf a nerve graft. This was a | so 
observed in our previous study wherein a PHB wrap, 
around sheath t o join the divided nerve was compared 
to primary epmeural nerve repair.* In this «udv 
macrophage numbers in both groups are similar with 
no significant difference, increasing from 7 to 14 days 
this increase correlating well with the period of intense 
phagocyt.c activity during WaUerian degeneration" 
and then decreasing significantly by 30 days when the 
axons have reached the distal stump Clinically a 
low inflammatory response is desirable to prevent 
adhesions to surrounding structures, in particular to 
tendons in hand injuries. 

The rate of regeneration measured by the regenera- 
tive distance into the conduit from the proximal repair 

graft, sldl appears io be comparable for both 
ty r and CGRP immunostained fibres. Regeneratine 
axons grow into the first part of ihcPHBconduil by 7 

reach the distal stump by 30 days. a „d k fe importiu : 
to note thai there w« S flo Tailure of regeneration in any 
of the implanted conduits. This limc^cale is in keen- 
•ng w,.h observations made when other biodegradable 
conduits such as fibroitcctin muts have been used ' 
Ocspue good results obtained with fibroncctln mat^ 
JlfrZ WPtaHlM of this type of conduit may be 
difficufi as it undergoes rapid reabsorption in 3 weeks 
and has inherent problems associaied u-ith poolc ! 
plasma from which it is manuracttlred.' , -' , A longer iv- 
aosorpt,on time, as wiih PHB. ensures ihat the reccn- 

t^lcir*" d 1 f!? ,w ™» ncn « is abfc «« wi»f, s iand"tbe 
stress or mobilisuiion 
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The volume of agonal regeneration quantified by 
the percentage of PGP and CGRP immunosraining 
appears to be comparable between the two graft types. 
There is a progressive increase in the amount of regen- 
eration with time, although the difference between 
nerve grafts and PHB becomes statistically significant 
by 30 days. The regeneration pattern in the PHB 
conduit is reflected by the Schwann cell proliferation 
density, which levels off between 14 and 30 days. This 
result correlates well with the slowing down of the rate 
of Schwann cell proliferation demonstrated after the 
initial burst during Wallerian degeneration, which is 
though t to be signalled by axonal contact. 1 * 17 

In conclusion, this study demonstrates good axonal 
regeneration in PHB conduits with a low level of 
inflammatory infiltration. This is a good indication of 
the suitability of PHB as a resorbable synthetic con- 
duit for nerve gap repair. We are aware that the rate 
and amount of regeneration in PHB conduits does not 
fully compare with that observed in a nerve graft, but 
this difference is due to the cellular elements inherently 
present in nerve grate which aid regeneration, It is 
well known that de-differentiated Schwann cells 
synthesise neurotrophic factors" which are known 
to promote nerve regeneration when administered 
exogeoously to an injured nerve.' 19 It is tempting 10 
speculate that the level of regeneration in a PHB con- 
duit may be further improved by the addition or 
growth factors, bringing nearer the concept of a com- 
posite conduit to obtain optimal nerve regeneration. 
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